Abstract
Results
The overall hazard for diabetes was higher in AMI compared to non-AMI patients (p by log rank <0.01) with HR of 1.78 and 95% CI of 1.37-2.32 in univariate analysis. This association remained significant after adjusting covariates (HR, 1.54; 95% CI, 1.14-2.07; p<0.01). AMI was an independent predictor for higher quartile of WBC count in multivariate ordinal logistic regression analysis (OR, 6.75; 95% CI, 5.53-8.22, p<0.01). In subgroup analysis, the diabetogenic effect of AMI was more prominent in the subgroup without MetS compared to MetS patients (p for interaction<0.05). Compared to the reference group of non-AMI
Introduction
Diabetes mellitus is an important risk factor for coronary heart disease [1] , and it is associated with higher prevalence of coronary heart disease and an unfavorable prognosis [2] . While there are broad evidences that diabetes showed worse outcomes after coronary revascularization procedures [3] [4] [5] [6] , there is a paucity of data regarding the incidence and risk factors for developing new-onset diabetes in patients with coronary artery disease.
Although recent data have shown that cardiovascular drugs such as statins [7] and beta blockers [8] are related with diabetes development, it has become clear that systemic inflammation largely contributes to its development [9] [10] [11] .
Since Dutta et al. [12] revealed that acute myocardial infarction (AMI) triggered system-wide activity of innate immune cells leading to acceleration of remote area atherosclerosis in an animal model, this finding has also been demonstrated in humans using 18 F-FDG positron emission tomography [13, 14] . Furthermore, AMI accelerated non-culprit coronary lesion atherosclerosis [15] . Therefore, we hypothesized that after AMI, the patients might have higher risk of newonset diabetes compared with non AMI patients by activated systemic inflammatory response.
Materials and Methods

Study Population and Assessment
We used the COACT (CathOlic medical center percutAneous Coronary inTervention) registry, a large observational registry of demographic, clinical, and procedural data, including clinical outcomes of "all-comer" patients who underwent percutaneous coronary intervention with drug eluting stent implantation at any of the eight affiliated hospitals of the Catholic University of Korea between January 2004 and December 2009. Of the 9,127 patients enrolled in this registry, 4,527 were diabetes naïve at index admission. Diabetes naïve was defined as a patient with no self-reported or documented history of diabetes and proved glycated hemoglobin (HbA1c) < 6.5% or fasting blood glucose (FBG) <126 mg/dl at index admission. The patients with previous revascularization, with previous MI, whose follow up duration was less than 1 year before censoring, whose laboratory data of HbA1c and FBG were missing, who were taking steroid, who were receiving dialysis, and cancer patients treated during the follow up, were excluded. Thus, the data of total 2,036 subjects were available for analysis (S1 Table) . All of the laboratory and clinical parameter data were obtained from careful review of patients' medical records at index admission. This study protocol complied with the principles of the Declaration of Helsinki (revised in 2000). The Institutional Review Board of Yeouido Saint Mary's Hospital, The Catholic University of Korea, Seoul, Korea approved this study (No. SC15RISI0005) and waived the need for informed consent because the data were analyzed anonymously.
Study End Points and Definition
New-onset diabetes was our primary end point and it was diagnosed using the 2010 criteria of the American Diabetes Association [16] . According to this definition, subjects with FBG 126 mg/dl and/or HbA1c 6.5% and/or post-challenge glucose (glucose at 2 h after a 75 gm oral glucose load) 200 mg/dl measured during the follow-up period were diagnosed with new-onset diabetes. Date of onset was defined as the date when laboratory measurement was conducted.
Acute myocardial infarction was defined as a myocardial infarction including ST elevation myocardial infarction and non ST elevation myocardial infarction that had occurred within the four weeks prior to enrollment into the COACT registry. A definite ST-elevation myocardial infarction was diagnosed if typical electrocardiogram changes were present along with prolonged chest pain, refractory to sublingual nitrates and/or enzyme or troponin T elevations (>0.1 μg/L). Non ST-elevation myocardial infarction was diagnosed, if symptoms and/or troponin T criteria, but not the ECG criteria for ST-elevation myocardial infarction were met. The modified National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III) was used for the definition of metabolic syndrome (MetS) [17] . Because in most of the subjects, waist circumference was not measured, we defined obesity as body mass index (BMI) 25 kg/ m 2 as suggested by the position statement of the American College of Endocrinology [18] .
Therefore, MetS was defined by the presence of three or more of the following risk factors: (1) obesity, BMI 25 kg/m 2 ; (2) high triglycerides, 150 mg/dL; (3) low high density lipoprotein cholesterol (HDL-C), <50 mg/dL in women and <40 mg/dL in men; 4) increased systolic blood pressure, 130 mmHg or increased diastolic blood pressure, 85 mmHg or taking antihypertensives, and (5) high fasting plasma glucose, 100 mg/dL.
Statistical Analysis
Continuous variables were expressed as mean±SD and the differences between groups were analyzed by Student's t-test. Categorical variables were expressed as frequencies and percentage and analyzed by chi-squared test. Incidence rate of diabetes was calculated by the number of new-onset diabetes cases divided by person year at risk. We constructed Kaplan Meier cumulative hazard curve for diabetes incidence for the non-AMI and AMI group and compared the curves with log rank test. Individual risk factors were evaluated with univariate Cox proportional hazard analysis and multivariate Cox proportional hazard model was fitted using important variables showing significant association with new-onset diabetes in univariate analysis. To investigate the association between systemic inflammation and AMI, we analyzed the association between quartile of WBC count and risk factors using ordinal logistic regression analysis. Subgroup analysis was performed to estimate the absence or presence of interaction between AMI and other variables on diabetes incidence. We also evaluated the risk of diabetes among groups divided according to the AMI and metS status which includes the group of non AMI with (non-AMI+MetS) and without MetS (non-AMI+non-MetS) and the group of AMI with (AMI+MetS) and without MetS (AMI+non-MetS) by multivariate Cox proportional hazard model. A two-tailed p value of 0.05 was considered statistically significant. Statistical analysis was carried out by SPSS 19.0 and R statistical language v. 2.15.0.
Results
Patients
The 2,036 patients in this study accumulated 11,610 person-years, with an average follow up of 5.7 ± 1.9 years per patients. Over the 10-year of study period, we observed 224 subjects (11.0%) of new diabetes and the incidence rate was 19 cases per 1,000 person-years. Clinical characteristics of AMI and non-AMI patients were described in Table 1 . The AMI patients were younger and had lower BMI, higher FBG and higher LDL cholesterol and lower TG level, with less prevalence of hypertension than non-AMI patients. Thus, the proportion of MetS was not different between those two groups. Inflammatory markers including WBC count and hs-CRP level were elevated in AMI compared to non-AMI patients. Statin and beta blockers were more frequently used in AMI compared to non AMI patients.
Association of AMI with New-onset Diabetes
Incidence rate of diabetes was 16 cases per 1000 person-years in non-AMI and 27 cases per 1,000 person years in AMI patients. As shown in Fig 1, the overall hazard for diabetes was significantly higher in the AMI compared to non AMI group (p by log rank <0.01) with hazard ratio (HR) 1.78 and 95% confidence interval (CI) 1.37-2.32. The probability of 5-yr hazard for diabetes was 5.9% (95% CI 4.5-7.2%) in non-AMI and 10.8% (95% CI 8.3%-13.3%) in AMI patients. Mean diabetes free survival time was 9.3 years (95% CI 9.1-9.4 years) in non-AMI and 8.8 years (95% CI 8.5-8.9 years) in AMI patients. This association remained significant (HR, 1.54; 95% CI, 1.14-2.07; p<0.01) after adjusting other confounding factors including age<65 yrs, sex, MetS, WBC count, beta blocker use in multivariate Cox proportional hazard regression analysis (Table 2, Model 3).
Association of Other Risk Factors with New-onset Diabetes
Univariate analysis revealed that, among the components of MetS, the parameters of BMI 25 kg/m 2 , FBS 100 mg/dl, triglyceride 150 mg/dl, HDL40 mg/dl in men and 50 mg/dl in women were associated with increased risk of diabetes. In addition, MetS, WBC count, beta blocker use were also associated with the development of diabetes. WBC count and MetS were associated with high risk of diabetes after adjusting age<65yrs, sex and beta blocker use ( 
Association of AMI with Systemic Inflammation
We analyzed the impact of AMI on systemic inflammation which can be reflected by WBC count. In univariate ordinal logistic regression analysis, age<65 yrs, sex, hypertension, FBG 100 mg/dl, LVEF< 40%, AMI, beta blocker and statin use were correlated with quartile of WBC count (Table 3 , model 1). AMI was positively correlated with quartile of WBC count (odds ratio, 6.75; 95% CI, 5.53-8.22; p<0.01) after adjusting age<65yrs, sex, MetS, LVEF<40%, beta blocker use and statin use (Table 3 , model 2).
Subgroup Analysis
We evaluated the influence of AMI on new-onset diabetes in subgroups divided by age, sex, BMI, MetS, statin use, beta blocker use, and ACEI/ARB use. Effect modification was observed in the subgroup divided according to the presence or absence of MetS. Diabetogenic effect of AMI was more 2 times prominent in non-MetS patients compared with MetS patients with HRs of 2.66 and 1.28, respectively (p for interaction <0.01, Fig 2) .
Combined Effect of AMI and Metabolic Syndrome on New-onset Diabetes
Compared to the group of non-AMI+non-MetS, the risk of diabetes was higher in the group of AMI+non-MetS (HR, 2.44; 95% CI, 1.58-3.76), non-AMI+MetS (HR, 3.42; 95% CI, 2.34-4.98), and AMI+MetS (HR, 4.12; 95% CI, 2.67-6.36) after adjusting age < 65 yrs, sex, quartile of WBC count and beta blocker use (all p<0.01). When compared to the non AMI+MetS group, the group of AMI+non-MetS showed similar risk (Fig 3) .
Discussion
We found that AMI accelerates the development of diabetes in patients with coronary artery disease. In particular, the diabetogenic effect of AMI is more prominent in non-MetS compared with MetS patients. Development of diabetes is of multifactorial origin. Several studies [19] [20] [21] [22] [23] in the general population have now confirmed that the presence of inflammation predicts the development of diabetes. Obesity is the hallmark of metabolic syndrome and predisposes patients to the development of major chronic metabolic disease including type 2 diabetes. Despite the wellknown link between obesity and diabetes, the mechanism remains elusive. It now appears that, in most obese patients, obesity is associated with a low-grade inflammation of white adipose tissue resulting from chronic activation of the innate immune system and subsequently it can lead to insulin resistance, impaired glucose tolerance and even diabetes [10, 24] . However, factors promoting the emergence of low grade systemic inflammation are probably complex. In this study, we found that obesity and MetS were strongly associated with diabetes development which is consistent with previous studies. However, in the current cohort of coronary artery disease patients, AMI was an independent predictor for new-onset diabetes even after adjusting other known risk factors including metabolic syndrome. Especially, the influence of AMI on new-onset diabetes was significantly highlighted in patients without MetS with HR of 2.66 compared with overt MetS patients with HR of 1.28. And the contribution of AMI on development of diabetes in patients without MetS was comparable with that of MetS in non-AMI patients. These findings suggest that even though MetS and obesity are powerful predictors for diabetes in general population, for the patients with coronary artery disease, AMI can be another important risk factor which exerted comparably with MetS. Furthermore, for the patients with mild metabolic abnormality, AMI could be the most powerful contributor for development of diabetes.
Patients surviving AMI have a higher risk of re-infarction and cardiovascular mortality compared with stable coronary artery disease patients [25, 26] . Several studies attempting to Reference group was non-AMI+non-MetS. HRs were calculated using Cox proportional hazard regression analysis after adjustment for age < 65 yrs, male sex, quartile of WBC count and beta blocker use. I bars indicate 95% confidence interval. AMI, acute myocardial infarction; MetS, metabolic syndrome, HR, hazard ratio. explain these findings demonstrated that AMI patients have multiple vulnerable plaques that can lead to future cardiovascular events [27] [28] [29] . However, AMI itself clearly accelerates atherosclerosis by infarct-triggering burst of systemic inflammation aimed at repair of injured heart. Dutta et al. [12] demonstrated that in Apoe-/-mice, after coronary artery ligation, the size of aortic plaques increased and vulnerable lesion morphology was induced with higher inflammatory cell content and protease activity, fuelled by persistently increased myeloid cell flux to atherosclerotic sites activated by heightened sympathetic nervous system activity. Recent studies [13, 14] also demonstrated in humans that 18 F-FDG uptake increased in infarcted myocardium and it was correlated with uptake of remote myocardium, spleen and bone marrow. Besides, a correlation was found between spleen uptake and carotid artery uptake.
In our present study, the AMI patients showed increased WBC count and hs-CRP level compared to non AMI patients, suggesting increased systemic inflammation by AMI. Furthermore, a high WBC count was associated with higher risk of diabetes in univariate analysis, and it was an independent predictor for new-onset diabetes after adjusting age <65 years, sex, MetS and beta blocker use. However, this association disappeared after adjusting with AMI as a covariate in full model. This finding suggests that increased WBC count might accelerate diabetes development in association with AMI. To confirm this hypothesis, we analyzed the impact of AMI on increased WBC count. In multivariate ordinal logistic regression analysis, AMI was a most powerful independent predictor for increased WBC count with odds ratio of 6.75 after adjusting other risk factors. Because leukocytosis is a kind of acute inflammatory response, WBC count measured during index admission especially in AMI circumstances might not correlate with the degree of chronic systemic inflammation.
Taken together, a large body of epidemiologic data regarding association of inflammation and incident diabetes, recent human and animal research results suggesting burst of systemic inflammation by AMI and the present study support a reasonable hypothesis: Given systemic inflammation should precede diabetes development, for patients with coronary artery disease, myocardial necrosis induced by AMI might trigger acceleration of systemic inflammation leading to development of diabetes even in patients with mild metabolic abnormalities. To date, most of the research has focused on obesity, metabolic syndrome and cardiovascular drugs as etiologies of diabetes. However, based on our data, we can suggest a substantial role of systemic inflammation induced by various clinical events like AMI or chronic infection on diabetes incidence.
There have been conflicting data regarding the association between cardiovascular drugs and diabetes incidence. Statin treatment increased the risk of diabetes [30, 31] , which was higher with intensive compared to moderate treatment [32] . In our study, we could not find a significant association between statin treatment and diabetes incidence which might be explained by the fact that the anti-inflammatory effect of statin outweighs the adverse effect on glucose metabolism in patients with overt coronary artery disease. However, given the fact that there was marginal association between statin use and diabetes and the adherence to statin during outpatient follow-up was not properly evaluated, the association still remains uncertain in patients with coronary artery disease. In contrast to statin, we found an association of beta blocker use with new-onset diabetes consistent with previous studies in univariate analysis [8, 33] ; however, this association disappeared in multivariate analysis possibly due to more frequent use of beta blocker in AMI patients and the overwhelming diabetogenic effect of AMI compared with beta blocker use in multivariate analysis.
There are several limitations in our study. First, the present study was conducted in a retrospective manner which might pose a quality problem of data at the time of enrollment. However, because patients with coronary artery disease usually have similar risk factors for diabetes, baseline clinical information was thoroughly obtained with careful interview and laboratory measurement. Second, the COACT registry was originally designed to evaluate the outcomes related with coronary events; hence, regular follow-up of FBG, HbA1c and 75 gm oral glucose loading test was not conducted, which might lead to underestimate the incidence of diabetes. Third, WBC count and hs-CRP concentration might not precisely reflect inflammatory status. It might be the reason why no strong correlation between WBC and development of diabetes was observed. Future studies using other inflammatory markers such as fibrinogen, TNFs, ILs, and adhesion molecules are warranted. In addition, serial follow-up of these inflammatory markers would be needed to investigate whether or not AMI affects systemic inflammation even after recovering from acute events.
In conclusion, AMI patients have a greater risk of new-onset diabetes when compared to non AMI patients, especially those with mild metabolic abnormalities. Even though, the clinical impact of new-onset diabetes in patients after PCI is uncertain, more rigorous follow-up is necessary in patients after AMI.
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